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VKRZLQJDVUHVXOWVWKHRXWORRNRIKRXVHVSHUIRUPDQFH,WLVEDVHGRQYLVXDOLQVSHFWLRQDVDIDVWDQGORZFRVWSURFHGXUH
DQGZDV FKHFNHG LQ  VWLOWKRXVHV RI 7DJXV ULYHU EDQNV LQ 3RUWXJDO+RZHYHU WKHPDLQ JRDO LV WR GHVFULEH WKH
PHWKRGRORJ\RIWKLVPHWKRGGHVLJQUDWKHUWKDQWRWKHUHVXOWVRILWVDSSOLFDWLRQ
,&7PHWKRGIRUHYDOXDWLRQRIVWDWXVRIKLVWRULFDOEXLOGLQJVFRQVHUYDWLRQ
2.1. Evaluation method 
7KH HYDOXDWLRQ PHWKRG ZKLFK LV FHQWUHG RQ WKH DVVLJQPHQW RI D TXDOLWDWLYH OHYHO RI EXLOGLQJ GHJUDGDWLRQ
FRQVLGHULQJ LWV FRQVWUXFWLYH HOHPHQWV ZDV YDOLGDWHG EDVHG RQ SUHYLRXVO\ GHILQHG SDUDPHWHUV 7KH VFRUH RI HDFK
HOHPHQW LV VXEMHFW WR GHILQHG ZHLJKWLQJV DFFRUGLQJ WR WKHLU LPSRUWDQFH LQ EXLOGLQJ SHUIRUPDQFH DQG WR RWKHU
FRQVWUXFWLYHHOHPHQWV7KLVPHWKRGRORJ\DOORZVDJUHDWHUHIILFLHQF\LQLWVHOHPHQWUDQJHDVDZKROHDIXUWKHUJXLGDQFH
RQKRZWRSURFHHGLQWKHDQDO\VLVDQGLQREWDLQLQJSDUWLDODERXWDQHOHPHQWRUJURXSRIHOHPHQWVDQGJOREDOUHVXOWV
DERXWWKHEXLOGLQJDVDZKROH7KXVWKHPHWKRGLQWHQGVWRDVVHVVWKHH[LVWHQFHRIDQRPDOLHVLQWKHFRQVWUXFWLYH
HOHPHQWV DQG GHILQH WKHLU VHYHULWLHV 7KH FRQVWUXFWLYH HOHPHQWV WR EH DVVHVVHG FRQFHUQLQJ ZRRGHQ VWLOWKRXVHV
FRPSULVHILYHJURXSVVWUXFWXUDOFRQGLWLRQ($QRQVWUXFWXUDOZDOOVW\SH(%FRYHULQJVDQGILQLVKHVW\SHV(&
SDQVGRRUVRUZLQGRZV('DQGRWKHUHOHPHQWV((VXFKDVFKLPQH\VJXWWHUVRUVWDLUVSURWHFWLRQ>@
2.2. Evaluation criterion 
7KHSURSRVHGFULWHULRQIRUHYDOXDWLQJHDFKFRQVWUXFWLYHHOHPHQWLVWKHVHYHULW\RIDQRPDOLHV7KLVGHSHQGVRQWKH
FRQVHTXHQFHV LQ IXQFWLRQDO UHTXLUHPHQWV RI EXLOGLQJV YLVXDO SHUIRUPDQFH XVH DQG FRPIRUW KHDOWK DQG VDIHW\ RI
XVHUVDQGRQWKHW\SHDQGH[WHQWRIQHFHVVDU\ZRUNVLQRUGHUWRTXHOOWKHDQRPDO\ZKLFKFRXOGEHHDV\RUQRWWRGR
LQFOXGLQJFOHDQLQJVUHSDLUVRUHOHPHQWVUHSODFLQJ&RQVLGHULQJWKHGHWHULRUDWLRQSURFHVVRI3RUWXJXHVHZRRGHQVWLOW
KRXVHV GXH WR WKH LQWURGXFWLRQ RI VWUXFWXUDO HOHPHQWV LQ FRQFUHWH DQG EULFN SLOODUV VODEV RUZDOOV WKLVPHWKRG
FRQVLGHUV PRVW FRPPRQV DQRPDOLHV DVVRFLDWHG ZLWK ZRRGHQ EXLOGLQJV DQG SDUWLFXODU DQRPDOLHV RI FRQVWUXFWLYH
IHDWXUHV 7KHPRVW FRPPRQ DUH FUDFNLQJ IUDFWXUHV RU JDEOHV RQ WKH URRI VWUXFWXUH DQGZDOOV ELRORJLFDO DWWDFNV
FRDWLQJV ZLWK PRLVWXUH VWDLQV ZHDU RI HOHPHQWV DQG HOHPHQWV PLVVLQJ ORRVH RU EOLVWHUHG 7KH SDUWLFXODU DUH
GHIRUPDWLRQFUDFNLQJEUHDNDJHZHDURUEUHDNGRZQRIZRRGHQVWUXFWXUHGXVWGDPSVWDLQVELRORJLFDODWWDFNVZHDU
RUEOLVWHULQJRIZRRGHQFRDWLQJVSODVWHUWLOHVRUPRVDLFV$QRPDOLHVOHYHOVDQGWKHLUZHLJKWLQJVKDYHPHDVXUHPHQW
LQWHUYDOVXVLQJDGHVFHQGHQWVFDOHRISRLQWVKLJKHVWQXPEHUIRUYHU\VOLJKWDQGORZHVWIRUYHU\VHULRXVYHU\VOLJKW
VOLJKWDYHUDJHVHULRXVDQGYHU\VHULRXV
2.3. Weightings scale 
,QRUGHUWRIDFLOLWDWHWKHDOORFDWLRQRIEXLOGLQJDQRPDOLHVOHYHOVWKLVPHWKRGSURSRVHVWKHGHYHORSPHQWRID6FRUH
*ULGLQFOXGLQJFRPSOHPHQWDU\UHFRUGVIRUHDFKEXLOGLQJFRQVWUXFWLYHHOHPHQWVZLWKVHYHUDOLQGLFDWLRQVDERXWKRZ
WRVHOHFWWKHDSSOLFDEOHHOHPHQWDQGJXLGHOLQHVIRULWVHYDOXDWLRQZLWKLQHDFKOHYHORIUDWLQJVFDOH7KHZHLJKWLQJV
VFDOHKDVPHDVXUHPHQWLQWHUYDOVLQDGHVFHQGHQWVFDOHRISRLQWVDFFRUGLQJWRWKHLPSRUWDQFHRIHDFKEXLOGLQJHOHPHQW
LQ LWVSHUIRUPDQFHDQG LWV UHODWLRQZLWKRWKHUHOHPHQWVKLJKHVW IRUDYHU\ LPSRUWDQWHOHPHQWDQG ORZHVW IRU OHDVW
LPSRUWDQW,WFRQVLGHUVWKUHHPHDVXUHPHQWLQWHUYDOV>@RUSRLQWVIRUDYHU\LPSRUWDQWHOHPHQWRUSRLQWVIRU
DQLPSRUWDQWHOHPHQWDQGRUIRUOHVVLPSRUWDQWHOHPHQW,WXVHVWKHVFRUHVRISRLQWVIRUVWUXFWXUDOFRQGLWLRQ
KLJKHVWQXPEHUFRQVLGHULQJWKHPRVWUHOHYDQWIHDWXUHRIVWDWXVRIEXLOGLQJVFRQVHUYDWLRQSRLQWVIRUFRYHULQJV
ILQLVKHVSRLQWV IRU VSDQVSRLQWV IRURWKHUHOHPHQWVDQGSRLQWV IRUQRQVWUXFWXUDOZDOOV WKH ORZHVW IRU OHVV
UHOHYDQWIHDWXUH
7KHSRLQWV3WRIHDFKFRQVWUXFWLYHHOHPHQWDUHWKHUHVXOWRIWKHSURGXFWLQEHWZHHQWKHQXPEHURISRLQWVDVVRFLDWHG
ZLWKWKHDQRPDO\OHYHOQDQGLWVZHLJKWLQJV3G7KXVWKHILQDOUHVXOWRIWKHEXLOGLQJHYDOXDWLRQGHSHQGVRQRI
DQRPDOLHVLQGH[,$RIVHYHUDOJURXSVRIHOHPHQWV,WYDULHVIURPWRDQGUHVXOWVIURPWKHTXRWLHQWLQEHWZHHQ
SRLQWVVXP¦3WDQGZHLJKWLQJVVXP¦3GJLYHQWRWKHFRQVWUXFWLYHHOHPHQWVRIWKDWJURXS7KHUHDUHWKUHH
OHYHOVRILQGLFDWRUVVWUXFWXUDOTXDOLW\(&HQRQVWUXFWXUDOTXDOLW\(&QHDQGJHQHUDOVWUXFWXUDODQGQRQVWUXFWXUDO
TXDOLW\(&

 ൌ  ൈ           
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
7KH (&H UHIOHFWV WKH VWDWXV RI EXLOGLQJ VWUXFWXUH FRQVHUYDWLRQ UHJDUGLQJ RQO\ WKLV JURXS RI HOHPHQWV ³($ 
6WUXFWXUDO&RQGLWLRQ´ZKLFKUHODWHVWRJURXS,$FRQYHUWHGLQSHUFHQWDJH7KH(&QHUHIOHFWVWKHVWDWXVRIQRQ
VWUXFWXUDOHOHPHQWVFRQVHUYDWLRQFRQVLGHULQJDOOJURXSVEXW WKH³($6WUXFWXUDO&RQGLWLRQ´IURP WR ,W¶V WKH
TXRWLHQWEHWZHHQWKHDJJUHJDWLRQRI,$SURGXFWVRIWKHFLWHGJURXSVDQGWKHLUZHLJKWLQJV3GDQGDOOJURXSVVXP
ZHLJKWLQJV 7KH FRQYHUVLRQRI(&QH LQ SHUFHQWDJHV IROORZV WKH HTXDWLRQ  ,Q RUGHU WR FDOFXODWH WKH(& LQ
SHUFHQWDJHLVFRQVLGHUHGWKDWVWUXFWXUDO(&HDQGQRQVWUXFWXUDO(&QHSDUWVDUHUHSUHVHQWLQJHDFK
7KHILQDOUHVXOWLVFRQYHUWHGLQWRDVFDOHRITXDOLWDWLYHOHYHOV>>LVYHU\EDGZKLFKPHDQVSK\VLFDOUXLQZLWKQR
UHKDELOLWDWLRQFKDQFH>>LVEDGZKLFKPHDQVLQHFRQRPLFUXLQLPSO\LQJGHHSUHKDELOLWDWLRQDFWLRQV>>LV
RQDYHUDJHZKLFKPHDQVIL[LQJRUHOHPHQWVUHSODFHPHQW>>LVJRRGIRUVPDOOUHSDLUVRUHQKDQFHDFWLRQVDQG
>@LVYHU\JRRGFRQGLWLRQZLWKQRQHHGVRIUHSDUDWLRQ7KHVHOHYHOVZHUHGHILQHGEDVHGRQDQH[SHULPHQWDO
DSSOLFDWLRQRIWKHGLDJQRVLVUHFRUGWRDVDPSOHRIEXLOGLQJVZKLFKDOORZHGWRWHVWWRLPSURYHDQGWRYDOLGDWHWKHP
7KHLGHQWLILFDWLRQRIQHHGVIRULPPHGLDWHLQWHUYHQWLRQLVWKHUHVXOWRIYHU\VHULRXVDQRPDOLHVSXWWLQJLQGDQJHUWKH
VDIHW\RIXVHUVDQGZLWKQRJXDUDQWLHVRIXVH7KHVHOHFWLRQLVEDVHGRQWZRZDUQLQJLQGLFDWRUVDWWKHVDPHWLPHRQ
WKHVDPHEXLOGLQJ

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2.4. Application tools 
7KLVHYDOXDWLRQPHWKRGKDVDVDSSOLFDWLRQ WRROVDGLDJQRVLV UHFRUGZLWK WKHXVLQJ LQVWUXFWLRQVDQGDVRIWZDUH
FRUUHVSRQGLQJ WRDQ,&7SODWIRUP>@7KHLUDSSOLFDWLRQVDOORZWRTXRWH WKH UDWHRIGHFD\RIZRRGVWUXFWXUHVDQG
FRPSRQHQWVWRDUHDVRQDEOHVFLHQWLILFGHJUHHRIFHUWDLQW\7KHGLDJQRVLVUHFRUGLVRUJDQL]HGLQVL[SDUWVUHFRUGKHDGHU
LQFOXGLQJ WKH UHFRUG QXPEHU MRLQLQJ HDFK YLOODJH FRGH WR WKH EXLOGLQJV QXPEHUV LGHQWLILFDWLRQ DGGUHVV DQG
RZQHUVKLSVWDWXVSKRWRJUDSKVEXLOGLQJDQGVXUURXQGLQJVDQGGUDZLQJVJHQHUDOIHDWXUHVXVHQXPEHURIIORRUV
W\SHRIRFFXSDWLRQYROXPHVRULHQWDWLRQRIIURQWIDFDGHUHODWLQJWKHZDWHUIURQWH[LVWHQFHRIRXWEXLOGLQJVDQGQXPEHU
RI DWWDFKHG KLVWRULFDO EXLOGLQJV FRQVWUXFWLYH IHDWXUHV UHFRUG RI HOHPHQWV DQGPDWHULDOV HYDOXDWLRQ RI VWDWXV RI
KLVWRULFDOEXLOGLQJFRQVHUYDWLRQSHUIRUPDQFHUHFRUG
'HYHORSPHQWRIFRPSXWLQJSURJUDPPH,&7SODWIRUPWRRO
7KHLQLWLDOSDJHRI,&7SODWIRUPVHH)LJDDOORZVWRRSHQRUWRFUHDWHWKHGLDJQRVLVSURMHFWVIRUHDFKYLOODJH
JLYLQJWKHPDQDPHWKHLUORFDOL]DWLRQFRRUGLQDWHVDQGDSODQRIWKHYLOODJHLQDQLQWHUDFWLYH*RRJOHPDSVHH)LJ
EDQGDOLVWRIEXLOGLQJVRIHDFKYLOODJHJLYLQJWKHPDGLDJQRVLVUHFRUGDQGDQLGHQWLILFDWLRQSKRWRJUDSK>@,QWKH
GLDJQRVLVUHFRUGRIHDFKEXLOGLQJDUHLQVHUWHGWKHLGHQWLILFDWLRQSKRWRJUDSKVVHH)LJFXQWLOIRXUXQLWVZLWKD
PD[LPXP RI  .E ORFDOL]DWLRQ PDS VHH )LJ G LQ -3(* IRUPDW ZLWK D PD[LPXP RI  .E JHQHUDO
FKDUDFWHULVDWLRQVHH)LJHFRQVWUXFWLYHFKDUDFWHULVDWLRQVWUXFWXUHURRIH[WHULRUZDOOVVWDLUVRU UDPSJDOOHU\
WHUUDFHVSDQVFKLPQH\DQGJXWWHUVVWDWXVRIKLVWRULFDOEXLOGLQJVFRQVHUYDWLRQVHH)LJI UHFRUGRIDQRPDOLHV
OHYHOVWRHDFKFRQVWUXFWLYHHOHPHQWDQGDXWRPDWLFFDOFXODWLRQRIWKHDQRPDO\LQGH[LQHDFKFRQVWUXFWLYHJURXS
$IWHUWKHSUHYLRXVVWHSLVDXWRPDWLFDOO\JHQHUDWHGWKH,QGLYLGXDOUHFRUGIRUHDFKEXLOGLQJLQWKHRSWLRQSURMHFW
DQDO\VLV LQ WKHPHQXVEDURI LQLWLDOSDJHZKLFKJLYHVWZRW\SHVRI LQIRUPDWLRQDQDO\VLVQHHGVIRU LPPHGLDWH
LQWHUYHQWLRQZLWKWKHDFWLYDWHGLQUHGDOHUWLQGLFDWRUVDQGWKHFRUUHFWLYHDFWLRQVWRPDNHDQDO\VLVVWDWXVRIEXLOGLQJ
1913 Ana Virtudes and Filipa Almeida /  Procedia Engineering  161 ( 2016 )  1910 – 1914 
FRQVHUYDWLRQSHUIRUPDQFHZLWKGDWDJUDSKVDERXWVWUXFWXUDO(&HQRQVWUXFWXUDO(&QHDQGJOREDO(&TXDOLW\
OHYHOVUHVXOWHGIURPWKHDQRPDOLHVLQGH[RIWKHJURXSVRIHOHPHQWVDQGWKHLUZHLJKWLQJV
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
)LJ,&7PHWKRGIRUVWDWXVRIKLVWRULFDOEXLOGLQJVDLQLWLDOSDJHELQWHUDFWLYHJRRJOHPDSFSKRWRJUDSKVGORFDOL]DWLRQPDSHJHQHUDO
FKDUDFWHUL]DWLRQIVWDWXVRIKLVWRULFDOEXLOGLQJVFRQVHUYDWLRQ
7KHSDUWLDODQGJOREDOUHVXOWVDUHSXWLQWRWKH*OREDO5HFRUGLQWKHRSWLRQ3URMHFW$QDO\VLVLQFOXGLQJWKHDFWLYDWHG
LQGLFDWRUVWKH$QRPDOLHV,QGH[HVDQGWKHSHUFHQWDJHUHVXOWHGIURPWKHVWDWXVRIEXLOGLQJFRQVHUYDWLRQ7KLVUHVXOWV
DUHXVHIXOIRUDFRPSDUDWLYHDQDO\VLVLQEHWZHHQEXLOGLQJV>@DOORZLQJWKHGHILQLWLRQRIVWUDWHJLHVDQGLQWHUYHQWLRQ
SULRULWLHV7KH*OREDO5HFRUG VHH)LJ D LV WKH UHVXOW RI WKH VWDWLVWLFV DQDO\VLV IRU HDFKYLOODJH RSWLRQ3URMHFW
$QDO\VLVFRPSULVLQJWKHVRUWHGWDEOHRIWKHEXLOGLQJVSHUIRUPDQFHIURPWKHKLJKHVWWRWKHORZHVWQXPEHURIDFWLYH
ZDUQLQJLQGLFDWRUVDQGIURPWKHEHVWVWDWXVRIEXLOGLQJFRQVHUYDWLRQWRWKHZRUVHZLWKDV\QWKHVLVWDEOHDQGDFLUFOH
JUDSKVHH)LJE

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
)LJ,&7HYDOXDWLRQPHWKRGIRUVWDWXVRIEXLOGLQJVFRQVHUYDWLRQOHIWJOREDOUHFRUGULJKWWDEOHDQGFLUFOHJUDSKRIEXLOGLQJVSHUIRUPDQFH
&RQFOXVLRQV
7KHSUHVHQWHG,&7PHWKRGDOORZVWKHDQDO\VLVRIWZRW\SHVRIUHVXOWVWKHQHHGVIRULPPHGLDWHLQWHUYHQWLRQLQWKH
DQDO\VHGEXLOGLQJVDQGWKHSHUIRUPDQFHRIVWDWXVRIEXLOGLQJVFRQVHUYDWLRQ7KHVHUHVXOWVDUHH[SUHVVHGLQSHUFHQWDJHV
ZKLFKDUHFRQYHUWHGWRDVFDOHRITXDOLWDWLYHOHYHOVYHU\EDGEDGDYHUDJHJRRGRUYHU\JRRGFRQGLWLRQ7KLVPHWKRG
LVXVHGDVDQLQWXLWLYHIULHQGO\DQGPRELOH,&7SODWIRUPDEOHWRLQVHUWWKHGDWDLQVLWXHDVLO\FRQFHUQLQJWKHJRDOVRI
WKHXVHU LQFOXGLQJJHWWLQJPRUHGHWDLOHGRUPRUHJHQHUDORXWSXW IRURQHVLQJOHEXLOGLQJRU IRUDVHWRIEXLOGLQJV
EHORQJLQJWRRQHVLQJOHYLOODJHRUWRVHYHUDOYLOODJHV,WLVDYDLODEOHWREHXVHGDVFORXGFRPSXWLQJWRRODQGLWVUHVXOWV
DUHWKHILUVWVXUYH\RIWKHYHUQDFXODUKHULWDJHRIULYHUEDQNVLQ3RUWXJDO
)LQDOO\WKLVNQRZOHGJHLVUHDG\WREHWUDQVIHUUHGIURPWKHVFLHQWLILFUHVHDUFKWRWKHEXVLQHVVHQYLURQPHQW,QWKLV
VHQVHLVFUXFLDOWRHQJDJHVRIWZDUHFRPSDQLHVLQRUGHUWRLPSURYHWKLVPHWKRGUHJDUGLQJWKHLQSXWIURPWKHHQWHUSULVH
HQYLURQPHQW DQG LWV H[SHULHQFH LQ WHUPV RI FRPPHUFLDO DSSOLFDWLRQV DQG GLVWULEXWLRQ FKDQQHOV SURPRWLQJ WKH
GHYHORSPHQWRILWVH[SHUWLVH
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